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This thesis is intended to present a full discretization process to solving numerically advection--diffusion--reaction
(ADR) equations and to show how to apply to various practical models. Our approach for discretization for ADR
equations bases on method—of-lines (MOLSs), which consists of two phases, spatial and temporal discretizations.
The first phase is to discretize space variables and its result is a system of ordinary differential equations (ODEs).
This system is numerically integrated in time variables afterward in the second phase of discretization process.
Here we employ discontinuous Galerkin (DG) methods in the former and Rosenbrock strong stability--preserving
ones in the latter phase.

The DG methods are able to be considered as an extension of classical finite element (FE) methods.

The idea of FE methods in general and DG methods in particular is to divide computational domain into small
pieces called elements and then to approximate the exact solution on each element by easy--to--compute functions
(e.g. polynomials, wavelets). The main difference between theses two kind of methods is that the numerical
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solutions using the DG methods are allowed to be discontinuous element--to--element while they are required to be
continuous on the whole domain if the classical FE methods is in used. Such discontinuities offer more degree of
freedoms (DOFs) and therefore allow us more flexibility to design different discretization schemes for different
terms in ADR equations. The main difficulty of using discontinuous functions in DG methods is how to transfer
information such as fluxes in between elements. This task is quite trivial in classical FE methods because the
numerical solution is continuous and hence the information is automatically shifted between elements. For DG
methods, because of discontinuity, transferring information has to be done manually by carefully designing
so--called numerical fluxes. With well--designed numerical fluxes, the DG methods are able to attain high order of
accuracy and stability as well.

The spatial phase results a huge system of ODEs consisting of three discretized terms from advections, diffusion,
and reaction. Each of these terms has completely different properties that require special treatment in the
temporal phase. The discretized term corresponding to advection part as one will see is although non--stiff but
containing in itself non--smooth operators. The non--stiffness and non--smoothness properties require an explicit
solver. Meanwhile, the discretized term associated with diffusion and reaction parts is smooth but very stiff. These
facts mean that our solver must be explicit with the discretized advection term and be implicit with the rest while
it should be stable enough to preserve the positivity of our problems and fast enough to be realistically applicable.

This thesis is divided into four chapters. The first chapter introduces ADR equations and several models that lead
to such kinds of mathematical equations. It also mentions several numerical solvers dealing with such kind of
problems so far and our motivation to propose a whole new discretization procedure for ADR equations. The second
chapter is concerned with the spatial discretization. Several numerical fluxes for advection and diffusion equations
are investigated in this chapter. The most suitable ones are chosen to put together and fulfill the first phase of our
procedure. The third phase is completed in the third chapter. A new class of temporal integration methods with
respect to special properties of the semi--discretized system obtained in the previous chapter is proposed.

Numerical results of the new discretization procedure are given in the last chapter. By these results, the strength
and shortcomings regarding efficiency, accuracy, and robustness of our methods are given.
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